An advance in the technique of using the Jamin interferometer for the determination of the dispersion of gases has been effected by making a systematic allowance for fringe-drift by means of photographic measurements. New values of the refraction and dispersion of sulphur dioxide and sulphuretted hydrogen have been determined, reduced to 'infinite dilution' by means of newly measured pressure coefficients, in order to allow for departure from the gas laws. The refraction and dispersion of carbon oxysulphide have been measured for the first time.
I n t r o d u c t io n
The primary object of this investigation was to obtain the refraction and dispersion o f carbon oxysulphide which have not previously been measured. A Jamin inter ferometer was used for this purpose, as in earlier experiments (Lowery 1931); certain improvements in technique were contemplated, hence it was decided to repeat measurements on sulphuretted hydrogen and sulphur dioxide, especially in view of the high probable error in the existing published values relating to these substances. At the same time their dispersion curves were extended downwards from 5000 to 4000 A-
G e n e r a l d is c u s s io n (a) Limiting values
The values of gaseous refractivities as determined by different experimenters are notoriously at variance, due largely to the mode of reduction of the results; this is true even where the workers have used a reliable experimental technique, and where the substances employed have been of the highest degree of purity (though sometimes discrepancies have been wrongly ascribed to the want of purity o f the specimens instead of to the process of reduction). This may be seen even in the vast amount of work that has been done on such an easily manageable substance as air (Cuthbertson 1910a) .
The bulk of refractivity data has been reduced to 'limiting values' at n .t .p ., thus involving two fundamental assumptions, viz. (a) the relationship between refrac tivity and gas density, and (6) the relation between gas density and pressure and temperature.
Some attempts have previously been made to reduce refractivity data through direct density determinations, e.g. by incorporating a density bulb in the apparatus, but the errors introduced due to the weighing process, since very small differences are involved, are greater than those from pressure and temperature measurement; thus Cuthbertson (19106) in using both the density and pressure/temperature methods for S 0 2, showed a probable error of ± 21 in 7000 in the former, as compared with ± 7 in 7000 for the latter. Of course, in some cases the density method is the only method available, but experience seems to indicate that where pressure/ temperature measurements are feasible, the procedure should be dictated thereby.
Gladstone and Dale's law, (n -l)/d -constant, may be the pressures (below 2 atm.) used so far in most refractivity experiments. Much work, however, proves valueless through simple reduction by the perfect gas equation, pv = RT, without any indication as to the ranges of pressure perature of the experiments, and it is time that new issues of collections of physical tables should omit the * indefinite ' values of Arago, Biot and Dulong, except perhaps in the extremely rare cases where no revised modern values are available. The minimum information given in any such recorded data must include the mean pressure and temperature, and the actual relationships assumed in the reduction to n .t .p . It is remarkable that reduction procedure is still in such an unsatisfactory state, seeing that the essence of its importance was realized by the pioneers, Mascart and Ketteler (c. 1870), not to speak of later workers. These earlier experimenters dealt with the reduction in two parts, viz. (a) pressure: 1) ocp(l +ap) and (6) temperature.
(n-l)oc 1/(1+bt), where the pressure and temperature coe a and 6 respectively, were determined by experiment.
Cuthbertson (19106) discussed his results for sulphur dioxide and sulphuretted hydrogen by using the ratio (theoretical density)/(experimental density). Fajans, Wust & Reindel (1934), working on sulphuretted hydrogen, used van der Waal's equation to reduce to n .t .p . conditions, and then Cuthbertson's ratio in the discus sion of the results. The use of van der Waal's equation is only an approximation, since the constants used are somewhat artificial.
In the present work, the reduced values of refractivity were obtained from the relation
where N is the number of interference fringes counted, l is the length of the refraction tubes, and A the wave-length of the light. Values of -1 )N.T.P. were found at a series of pressures between 400 and 760 mm. from which a graph of (w-1)NTP against pressure was drawn in order to determine the coefficient a. In all cases these graphs were 'good' straight lines, so that by extrapolation the values of (n -1)NTP at 0 and 760 mm. pressure could be determined, 'a ' being calculated from (n-1)N.T.P. at 760 mm. = (w -1)NTP at 0 mm. x (1 +ap), where p *= 760 mm. Thus (w -1 )NTp at 0 mm. is a corrected value of refractivity for conditions under which the gas may be regarded as behaving according to the laws of a perfect gas, i.e. when the gas is at infinite dilution. This value of refractivity will be represented by (n -1 )0. The value of {n -1 may be found from
The values of a and b will be those which have been determined experime mentioned above for each individual gas, and comparison between the work of various investigators will only be possible when all their results are reduced in the same way to infinite dilution.
(b) Fringe drift
Another source of confusion in recorded values qf gaseous refractivities arises from a slight movement of the interference fringes across the fiduciary line of the telescope even when pressures and temperatures are kept constant. This movement is known as 'fringe drift ', and has been noted by nearly all who have made measure ments, though very little attempt has been made to eliminate its effects or correct for its presence, except in the work of C. and M. Cuthbertson on neon and helium (1932) in which the drift due to temperature changes in the apparatus was allowed for. Where experimenters give several values of refractivity at a given wave-length, it will usually be noted that considerable variations from the mean value occur, variations so great that they should not be expected in work with such a sensitive instrument as an interferometer. These are undoubtedly due to the presence of drift, which leads to an inaccurate value for N in the above expression for refractivity.
Using the probable error formula
where q denotes the number of observations and He2 the sum of the squares of residuals, the following calculated values of probable error are obtained, which can hardly be regarded as satisfactory:
(1) S 0 2: Cuthbertson (1908). Density bulb method, E -± 21 in 7000; Pressure temperature method, E = + 7 in 7000. Maximum variation shown is equivalent to one whole fringe movement.
(2) H2S: Fajans et dl. (1934) . E = that thirty observations were made around the same pressure (about 230 mm.). Maximum variation shown is 29 in 6000, which is equivalent to one whole fringe movement.
(3) Air\ Meggers & Peters (1918) . Their own estimated probable error is ± 3-8 in 3000, which again can scarcely be regarded as entirely satisfactory, particularly as the work is regarded as 'classical', being apparently regularly used in computing astronomical data. Similarly, the probable error in a determination of air by one of the present authors (Lowery 1927), using the Jamin interferometer by the visual method, is ± 3 in 3000.
In order to achieve the accuracy necessary for consistent results, the fringe dis placement due to interposing a gas column in one of the beams of the Jamin inter ferometer must be measured to l/50th of a fringe in a minimum number of 250 fringes. This accuracy of observation cannot be obtained with visual observations, especially with the drift effect present.
Drift may be (a) permanent, (b) temporary, (a) Perman external conditions and may affect the value of N positively or negatively. In the present work it was reduced to negligible proportions by heat insulation of all parts of the apparatus and careful control of room temperature. (6) Temporary drift is due to change in gas density in the refraction tube, and will, of course, disappear when the gas is removed. With gas in one tube, the drift was always negative, of the order 0*5 fringe per hour, the value depending on the total pressure of the gas column. This indicates a decrease in gas density, presumably due to absorption by the glass apparatus and the mercury surface in the manometer. After evacuation, this drift became positive.
Walker ( As a result of the application of photographic observations to the Jamin inter ferometer as shown below, the probable errors for the gases measured were as follows, and indicate a marked improvement in the use of this type of interferometer: Air ± 0*2 in 3000 H2S ± 0-5 in 6000 S 0 2 ±1-7 in 7000 COS ±0-4 in 9000 E x pe r im e n t a l A Jamin interferometer with Hilger constant deviation monochromatic illumin ator was mounted with suitable apparatus for the admission of the gas under test in one beam of the interferometer under known conditions of temperature and pressure. An Osram pearl 100W lamp was used to obtain a continuous spectrum when necessary, and a mercury-cadmium vapour lamp as a source of spectral lines.
In the visual method of using the Jamin interferometer, light from a mono chromatic illuminator passes througn a collimator which directs a parallel beam through the mirrors. This beam is finally received by a telescope in which inter ference phenomena are observed due to optical differences in the paths between the mirrors. For the purpose of photographing the interference fringes, the above arrangement was modified as follows: A parallel beam of white light was directed through the mirrors by means of a collimator. This was received by a Hilger constant deviation spectroscope provided with a specially made camera attachment, the various spectral regions being brought into focus on the camera plate by means of an auxiliary lens in place of the usual eyepiece of the spectroscope. Preliminary focusing of the fringes in the camera was done visually with a ground-glass screen in place of the photographic plate. The various spectral lines on the plate were of course crossed by interference fringes as illustrated in figures 1 and 2 (plate 5).
Photographs of the fringe system were taken under measured conditions from which, knowing the approximate number of fringes involved due to a given gas density, the excess fraction of a fringe may be accurately determined. This latter is obtained from the displacement between the fringe systems for a given spectral line (a) with, and (6) without, the gas in the tube. The fringe width varied from about 2 mm. for yellow light to 1*2 mm. for violet light, and was measured accurately to l/50th of a fringe by means of a vernier microscope.
The importance of drift measurement has been stressed above. To facilitate this measurement, pressure and temperature readings were always taken 5 min. before making an exposure.
A line exposed over a known interval will only record half the actual drift during this interval, as it is the displacement of the band centre which is measured. To bring all fringes to the positions they had at the beginning of the exposure, the allowance is half the drift for the interval of the exposure. To each fraction must be added the drift during the 5 min. interval between the pressure reading and the beginning of the exposure; this corrects the fringe position for all lines to the instant of pressure measurement.
The value of the drift was measured by exposing the mercury green line (10 sec.) at the beginning and again at the end of the full exposure. Overlapping was avoided by slight rotation of the Hilger prism.
Such measured drift applies to the mercury line only; the drift for each wave length will be'inversely proportional to the band width for the fine-the band width varies directly as wave-length. The band width, as measured on the plates, was taken in preference to the wave-length, so as to avoid any error in the focusing of each line on the plate.
In general the gas under test was liquefied or solidified in U-tubes and fractionated into a specially constructed pyrex glass bulb which was then attached to the gas apparatus of the interferometer. A long tube of phosphorus pentoxide was per manently connected to the apparatus for drying. Final traces of air were removed by means of a Hyvac pump with the substance still in the solid state. After use the gas was removed by means of soda-lime and granulated charcoal. Before experiment the gas was always admitted to the apparatus for 1 hr. in order that it should acquire a steady temperature, viz. that of the tank of water which surrounded the refraction tubes.
In order to obtain the pressure coefficient, a, gas was admitted to the apparatus progressively in amounts corresponding to approximately 50 fringes until the pressure was about one atmosphere, pressure and temperature measurements being taken between each step of the process.
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No allowance for drift was made at this stage though thevaluesof (n -1)N.T.P. thus obtained for mercury green light were utilized in estimating the number of fringes, N, in the measurement of the dispersion plates. The accurate value of a was obtained from the slope of the graph (= a straight line) obtained by plotting the values of (w_ 1)ntp 5 calculated from the dispersion plates, against their respective pressures which were within the range 400-760 mm.
The measurement of the temperature coefficient was not attempted as all readings for a given gas were made at approximately the same temperature. Assuming that the ratio (theoretical density /experimental density) covers both pressure and tem perature variations from the general gas equation, the temperature coefficient may be estimated using the measured value of a.
Estimation of dispersion entails the determination of the approximate values of (n-1) for each wave-length over the range. The value of 1) for the mercury green line was estimated from the approximate pressure coefficient curve and the number of fringes displacement for this line and each of the lines in question found by superimposing a system of interference due to a continuous spectrum over the normal plate exposure. After a displacement of 1 0 0 -1 5 0 fringes from the achromatic fringe due to allowing a few cm. of gas into the refraction tube, the white light fringes become very close together and are difficult to photograph, hence the estimation plates have to be made at low gas pressure. The value of 1 )N T P was calculated for each chosen wave-length and the ratio of the value for each line against that for the mercury green line found and checked by repeat experiments. The fractions so obtained were used for the time/dispersion plates of which half a dozen were taken for each gas at pressures of 45-70 cm. involving 3 0 0 -6 0 0 fringes according to the nature of the gas. The values of (n -1) thus obtained dilution limit and used for drawing the dispersion curve.
H. Huxley and H. Lowery (a) Sulphuretted hydrogen (H2S)
Sulphuretted hydrogen was prepared by the action of hydrochloric acid on ferrous sulphide; after washing with water it was passed for several hours through a suspen sion of magnesium oxide in distilled water, thus forming magnesium hydrogen sulphide, Mg(HS)2, which when warmed yielded the gas together with water vapour. The latter was removed by means of phosphorus pentoxide and the gas was liquefied and fractionated, using solid carbon dioxide and ether as the cooling agent, giving a product from which the gas could be obtained for refraction measurements.
The pressure coefficient a, for use in the relation (n-1)NTP at pmm. = (to -1 )N.T.P. at 0 mm. x (1 + ap)
was found experimentally to be a -0'1087 x 10-4 per mm. Assuming the ratio (theoretical density/experimental density) to represent the total deviation from the perfect gas laws, the temperature coefficient, 6, may be estimated using the value found for a. From the values theoretical density = 1* 1747 (air = 1) and experimental density = 1 • 1895, the temperature coefficient 6 = 0*003914 per ° C.
No previous values of the pressure and temperature coefficients have been deter mined. Table 1 gives the values of the refractivity, reduced to infinite dilution, at various wave-lengths. T a b l e 1. D is p e r s io n o f s u l p h u r e t t e d h y d r o g e n (H2S) The refraction and dispersion of gasses Cuthbertson states that he took five measurements with a maximum variation from the mean of 1 in 300. The mean value only is stated, so that E cannot be calculated.
(6) Sulphur dioxide (S02) The gas was obtained direct from a siphon, frozen in a U-tube by means of solid carbon dioxide, put under a high vacuum pump, and then admitted to the apparatus after passing over phosphorus pentoxide. Cuthbertson (1908) worked at very low pressures, his maximum being less than 200 mm., and assumed the gas to be perfect under these conditions. For purposes of com parison his mean pressure is taken as 100 mm., the actual pressure not being stated.
Stuckert (1910) used a prism method and found l ) x 107 = 6666 for the mercury green line, but his results cannot be reduced for comparison purposes owing to lack of precise data as to his experimental conditions.
Reducing the above-mentioned results where possible to infinite dilution, we have the following figures for comparison (table 5) . No previous measurements have been made on this gas, though for the purpose of linking refractivities with structural properties, it is necessary to have refraction and dispersion data available, since already data exist for carbon dioxide (C02) and carbon disulphide (CS2).
Carbon oxysulphide has been prepared on many occasions by previous investi gators for the purpose of determining the chemical properties of the gas. Some measurements have also been made on physical properties but there is no doubt that the descriptions of the methods given in the literature leave much to be desired, indeed most workers give little or no particulars as to their methods of production of the gas, being content to refer simply to the text-books. Gonzalez & Moles (1919) state that 'the preparation is always assez mediocres', whilst Russell (1900) writes: ' I have not found any method of purification which can be relied upon to give a sufficiently pure gas.' Many weeks were spent in f rying out the various methods of preparation pre viously used, but in nearly all cases it was found that the refractivity determinations proved that the various products were impure, consequently a new method was evolved based upon these experiences with the object of eliminating certain un desirable features of existing methods. It may be pointed out here that there is no adequate method of chemical analysis of the final gas product which can even remotely approach the sensitivity of the interferometer measurements and so no analysis was attempted. The purity of our gas product was estimated from the uniformity of the refraction measurements made on various samples obtained at various times.
The main difficulty in the preparation of carbon oxysulphide arises from the hydrolysis of the gas, since in the presence of the slightest trace of moisture, it changes readily into C 02 and H 2S. Hence it is essential to effect immediate drying at each stage. The final arrangement adopted for the preparation was as follows, based on the method of Klason (1887) 
